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The effects of propofol on neurotoxicity induced by « -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid in rat
mixed cortical cultures

Myoung-Sin Seo, M.D., Sung Yong Park, M.D., Kye-Sook Kim, M.D., Bong-Ki Moon, M.D., Jin-Soo Kim, M.D.,
Lee, M.D.
Department of Anesthesiology and Pain Medicine, Ajou University School of Medicine, Suwon, Korea

and Sook Young

Background: The pattern of « -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)-mediated neurotoxicity (necrosis
vs apoptosis) and the neuroprotective effect of propofol on AMPA-mediated neurotoxicity are still unclear.

Methods: Thirteen-day-old primary rat mixed cortical cultures were used. To measure the neuroprotective effect of propofol,
AMPA (50 «M), AMPA (50 M) plus propofol (0.1, 1, 25, 50 «M), AMPA (50 M) plus DMSO, propofol (50 ~M) and
DMSO were administered (n = 45). Seventy-two h later, surviving cells were counted using trypan blue staining and were converted
to cell death rate (CDR). To measure the effect of propofol (50 /M) on AMPA (50 «M)-induced apoptosis, a triple stain was
done. In a fixed field (x400), the number of neuronal cells stained by neuronal nuclei (NeuN) and Hoechst staining and apoptotic
cells stained by terminal deoxynucleotidyl transferase mediated dUTP nick-end-labeling (TUNEL) assays were counted. Apoptotic
cell rates (ACR) were also calculated. Statistical analyses were performed using one way-analysis of variance followed by
Bonferroni’s test. P < 0.05 was considered statistically significant.

Results: AMPA (50 ~«M) stimulation demonstrated 49.3% CDR, and adding propofol 50 ~M decreased CDR to 29.4% (P
< 0.05). In the TUNEL assay, cells with no drug treatment demonstrated 12.3% ACR and 50 ~M AMPA increased ACR to
28% (P < 0.05). Adding 50 #M propofol to AMPA decreased the ACR to 20.1% (P < 0.05).

Conclusions: Propofol (50 ~«M) had neuroprotective effects against AMPA (50 «M)-induced cell death by reducing apoptosis.
(Korean J Anesthesiol 2008; 55: 607 ~12)
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AMPA (50 M) A=32F FAlol 0.1—50 «M FE2| propofol

& Folslo] propofolo] ¥ HE AFIF JYER], AMPAT} Al
ZAEA g ARAE 45 duht do7]v, AMPA
2 F523 AlZAEA tisle] propofole] 74 &I}
=7 ol uA} w9t
CHaH 2 dhgy

o] Ayl 2 v A¥g4d T8 #al 9 &=l Al vt
2} sfeldet. E5A 250—300 g PAEA 162 HE
4] (Sprague-Dawley)s &3 o7t Fi3] FwEHe AsA
oAl F9 el HATIH BFE<t *}%i F A 17
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sl ALANE Fal elot vl
Pslgich. Aol Q3 A|EF F Eagle’s minimum essen-
tial medium (MEM), glucose, 5% horse serum (HS), 5% fetal
bovine serum (FBS), trypan-blue stain<- Gibco BRL (Carlsbad,
CA, USA)ZFE], AMPA, glutamine, poly-D-lysine, cytosine
B -D-arabino-furanoside hydrochloride (Ara C), 4% paraf-
ormaldehyde, propofol< Sigma-Aldrich (St. Louis, MO, USA)
2 Y, laminin Invitogen (Carlsbad, CA, USA)2. ZHE],
1% Triton USB (Cleveland, OH, USA)ZHE T3

Propofol> A|-&4 o]olA Foll & FA] ¢tom g dimethyl
sulfoxide (DMSO)oll o] Z+ 5ol A28 propofol &34
S WEo] F& 3 AYA AP wAel B4sie] A8

th. oluf DMSO2] wiFHW 2F &2 1.5 .

fus

A Zulj ¥
AdA 20 mM E£EY, 5% HS, 5% FBS, 2 mM glutamine

S 42 MEM¥} Eg}slo] 2HE 100 pg/ml poly-D-lysine¥} 4
ugml laminin®. 2 24-well e FH|o|EE FE X 2|3}

v} olu]l UF-E= immuno-stainingS $13MA 24 well wl¥H
Aol etzehE FEAE sk WAES ether vhH4
Aol 5‘01 UHZﬂ—a— FYANH oM, TFo| glojA AL
Qg & Aol AFEEE A HolE: ALAMNE
a AN 320 mM EEES 42 MEM SN0 g g
ofe] Huld RiES Zelstirh feld ¥ A3 pasteur
pipette 22 7HHA EAG 7 w2l ZRH 24-well W E
o] Eol 400 xl, 35 mm wloE HAe] 2 ml # HFEg

A, 37°C, 5% CO, +F V‘HH°‘=7](aerob1c chamber)©l| 4] HH ok

sigick. wjeket AEZE 1% glia7h Al 20 mM £

2 5% HS, 2 mM glutammea 42 MEM £H3} Zdlslo]
WFE 10 1M Ara CE A28}, Ara C X g THE A
o ANA olg ZHASE Ara CE Wl 22 wieklo = 173
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tEANZ: AzuMg AAF BYA He E AANe
o, oHE AHEelA] %S zFET), 100 .M NMDA F
o] W& (full kil ), 50 uM AMPA Fold, 50 uM
AMPA + profopol 0.1, 1, 10, 25, 50 M &% FolZ, 50
“M AMPA + DMSO 1.5 xl &3 FolF, propofol 50 «M
Fol, DMSO 15 pl o S22 Uk Z2+ 79 <

E2 20 mM _Jr_l\:_‘%, 5% HS, 2 mM glutamines 41 MEM
ol Ao, ka7l A 724 753t vl gsli .
MOIUE MES BB ohgAel 1A % Aol A

EFE 24359k 10% trypan-blue staings 15 wfwell®

7helo] 37°C, 5% €Oy MFFNGlA 1527 wheksiel o Al

9t} o|F eyepiece micrometer square 10 x 10 grid
(Olympus, Tokyo, Japan)& AH&ste] JA=|A] ok Akolgl

= AlZE F5 Ak ZE 2 sukeld] FolA ARE
dolom, 7 #9215 welld A¥E dF A, well & Al +
o4 AAste] welle] T4 FHAZRE HAAL 711 2olgl
= AIZFE Al (@ = 45).

AEFE T4 [100 x (H2EFE — A=~
full killZh S AHgste] =79 ke 02, full kil
e 10002 F3, 7 AT F& AT WMEES T3t

Fom, SPSS 12.05 o] &-3}o] one-way ANOVA test (one-way

analysis of variance) A A| &t AZE 71=2 Bonferroni test

2 AAs Ade #HiE o+ ZFEAE e p <
0.05 Al goJdE Acw 739t

Immunocytochemical staining (Triple stain): 24-well
ey FHlo|EoflA 7] AEF otzEl SlollA 7% 139
A AEE ALsolon, BT 3ulele FHolA, 4 A
A 0] wellg AHE3te] 57 wells AAst] AaE
AAckn = 15). obF k= AElEA g2 =T, 50 M
AMPA FoIF, 50 M AMPA + profopol 50 uM =3 F
oldo 2 Ul 72417t ¥ phosphated-buffered saline
(PBS)2.2 33] o] % 4% paraformaldehyde@ 4-2-ol] 4]
A B9 AIEE 2AAZ PBSE 33 A2 ¥ 1%
Triton x 1000] E3t= PBSE 4°CollA] 28 E<F 5o}

Neuronal nuclei (NeuN) Stain neuronal cell?] EME <&
71913 ¥ Fd ol (=54 1% Q] mouse anti-neuro-

naleuclein (NeuN) monoclonal antibody (Jackson Immuno-

Reserch Laboratories, Inc., West Grove, PA, USA)E 1 : 250H] &2
20 ul H7Vsted 2A17F 59k incubationA]Zt}h. o] % PBSTZ

33] Hejuile
affinipure  Goat
Laboratories, Inc., West Grove, PA, USA)E 1
il A7VE 242 B S A7,

], 22} Q] Fluorescein (FITC)-conjugated
Anti-Mouse IgG (Jackson ImmunoReserch
: 2008 &Z 20
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Hoechst Stain= DNAU #o] SleA] 71913 433~
o|m (3}, PBSE 23] o]l & Hoechst 33258 (Molecular
Probes, Eugene, OR, USA)S 1 : 1000 H] & & 5% <t 494
g ¥ PBSE 23], ST 13] Aojligicth

Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-
biotin nick-end labeling (TUNEL) stain< apoptotic cells <&
oli7] 2fIgt PG Mol k7HA), in situ cell death de-
tection kit (TMR red, Roche, Mannheim, Germany)< Ah-&3}
9t} Mounting solutiong Ab83}o] slide glassoll &3,
confocal |7 (Carl Zeiss Laser Scanning System LSM 510,
Oberkochen, Germany)% o] 83}o] x4003}F x800 W& = Tz
Sgich ATl <400 WE sholA sTAS Adstel,
NeuNZ} Hoechst stainoZ F¥ Ax| AAHU] & Al
% TUNEL assayollAl &34 3% A3E % NeuNI} Hoechst
sinel EA0] HPEA Helstol AEALAT Aolid A
£ 43 Ages], W AZUF F ALARAL ol
AES vlEE Fogn AN 3 g Pyen

E| 1}

AEAR X739 vlEE 50 uM AMPA FolF, 50 M
AMPA + profopol 0.1, 1, 10, 25, 50 «M Z3FoF, 50
uM AMPA + DMSO 1.5 x¢1 &3+ 5o, propofol 50 M
o], DMSO 1.5 ¢l FoldolA 22 493 + 13.1 %, 40.0
+ 12.9%, 38.8 + 15.0%, 36.8 + 14.8%, 29.4 + 17.1%, 50.0 +
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Fig. 1. Effects of propofol on cell death rate (CDR, control group
CDR set as 0%, full-kill group CDR set as 100%) 72 hr, 50 «M
@ -amino-3-hydroxy-5-methyl-4-isoxazolepropionic ~ acid  (AMPA)
treatment in the rat mixed cortical brain cultures. Adding propofol
50 #M to AMPA stimulation decreased CDR. Number of each
group are 45. Values are mean * SD. Group 1: AMPA 50 «M
treated group, Group 2: AMPA (50 M) plus propofol (0.1 M)
treated group, Group 3: AMPA (50 #M) plus propofol (1 ©«M)
treated group, Group 4: AMPA (50 M) plus propofol (25 ©«M)
treated group, Group 5: AMPA (50 «M) plus propofol (50 ©«M)
treated group, Group 6: AMPA (50 M) plus DMSO (1.5 «l)
treated group, Group 7: Propofol (50 «M) treated group, Group 8:
DMSO (1.5 ul) treated group. Group 7 and 8 demonstrated no
significant differences compared to control group. *: P < 0.05 vs
AMPA (50 #M) treated group.

AMPA 50 uM + Propofol 50 iy

Fig. 2. Figure shows the results of immunocytochemical staining in the rat mixed cortical brain cultures. Neuronal nuclei (NeuN) Stain
(green color) exhibit the presence of neuron cells, Hoechst Stain (blue color) exhibit the presence of nucleus and terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-biotin nick-end labeling (TUNEL) (red color) assay exhibit the presence of apoptotic cells. Control: cells
with no drug treatment, AMPA 50 #M: 72 hr after @ -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA 50 «M) treated group,
AMPA 50 M + propofol 50 #M: 72 hr after AMPA (50 M) plus propofol (50 ~M) treated group.
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Fig. 3. Effects of propofol (50 #M) on apoptosis 72 hr after 50
#M  a -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
treatment in the rat mixed cortical brain cultures. Number of neu-
rons/field were counted by Neuronal nuclei and Hoechst stain and
apoptotic cells were counted by TUNEL assay. Then, apoptotic
cell rate were calculated. Number of each group are 15. Values
are mean = SD. Group 1: control group (no drug treated group),
Group 2: AMPA (50 #M) treated group, Group 3: AMPA (50 ©«M)
plus propofol (50 «M) treated group. *: P < 0.05 vs no drug
treated group, TP < 005 vs AMPA (50 #M) treated group.

10.1%, 8.2 + 12.9%, 6.4 + 12.4%%chFig. 1).

Propofol 50 #M $oJ73} DMSO 1.5 ¢l Fol72] AEA
& tzTell vl ool Aelrt gldchkFig 1, P >
0.05). Propofol 25 uM o]s} Eg-FolFollAE 223+ Al
EAES 747 g eH® > 0.05), propofol 50 #M £3t

FolFollds oode AFEAEY #AEE Brkn = 45
B)(Fig. 1, P < 0.05). DMSO 1.5 11 E£3dFo]FollA = ¢
e AEAES 7H47F U ckFig. 1, P > 0.05).

A ZEAEAE BHE Triple staining 23 A ZAEAES A
o7l A7 W& UlEF, AMPA 50 M Fol,

=

AMPA 50 M + propofol 50 uM E3t FofoA 7+
123 * 2.5%, 28.0 + 5.6%, 20.1 + 4.0%9.oH, =zl 1|
3l AMPA 50 «M wHEFolFollA YA Ftst P
< 0.05), AMPA 50 M THEFoiFolA uH]d AMPA 50 «
M + propofol 50 xM E3tFoiellA] oAl FHastsd
th(n = 15/)(Fig. 2, 3, P < 0.05).
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